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PURPOSE: To obtain a variable wavelength 
semiconductor laser device which can output laser light 
of narrow spectrum line width and change the wavelength 
in a wide range. 

CONSTITUTION: In a variable wavelength semiconductor 
laser device of electric field applying type TTG 
structure, the end surfaces of a resonator are 
asymmetrically coated, the reflectivity of the front end 
surface Is made different from that of the rear end 
surface, an electrode applying an electric field to a 
tuning layer 8 is divided into a plurality of segments 
(12a, 12b) in the resonator length direction, and the 
respective electrodes for applying electric fields are 
so constituted that voltages are applied in the manner 
in which the absorption loss generated in the whole part 
of the resonator by applying the electric fields is made 
constant independently of the magnitude of the total sum 
of the electric fields applied to the electrodes. 
Thereby the generation of the negative change of 
refractive index due to absorption loss increase caused 
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^^z.n'bmM\z.ii'owiMt^n.^(Dm^(D-x^^\zm 

^fc«j5etufccDT, mm.<Dm\:\z^^A<^jm^ 

it^/3i<-r^tmx^. ^=L-^y^(D—<Dm^\z^ 

x^. jA^^mmx^(Dmz^^x^^im'm.^mi^ 

[0 0 4 3] S7t. Z.<D^mz:Blf^X\t. «j5i£?iAlCj; 

>^m\zm^^miTt^m 1 mmmcDmm^immm 
t. ±m¥Mt^imizmmi&A-r^fBimmm<Dm 
mmT^mmt, ±m^^'^^m0S:r^^mi^miz. 

wm, ms±m^m^^\zm^^^m-^M 1 mmm(D 
\^rz.<Dx. mmfD^t\zi:^^(Dmg\mm^fs.<-r 

[0 0 4 4] S;^. z.(D^mzis.\>^X\t.. JlfEi^S"5J^ 
¥^^-imaK;fet.iT. ±l3¥««^i4S*i. mi 

^m\zm^xum.-^nTz.^(Dx^v). _hKm2S«ffi© 
*jimfe5i> }^^i^m^:^^—^m\znmm\z^-&t\ 
rc^(Dx^K). ±siMimmM<Dm,mi^mwm^^ ± 

[0 0 4 5] *;fe> c:o)^ig{^*5ViTfi, ilSSES'^m! 

#:Sj&i> m2m.nmmL±iz. 4k^sof5\Pi\z^mm\z 

WMm^'j-\zm.^^wimt^m 1 ^mflij®«^^. -fcia 

isxm'^^m-^mmm\zm^\^x^mff}\ziM^\vx 

wm^nTz^<Dxh^. ±siW,2mm.m<D^mMm^^ 
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[0 0 4 6] ^r^. dcD^B^fc^fevmi. mm&xiz^ 

¥mms^izmM=s:mx-r^m i mmmoymm&Am 
1 mmmomMSExmmmtMiifs.^^ 2 ^m^jcD^M 

[0 0 4 7] ;i<Dmm\zi5^^x\t. ±m&M'^ 

[0 0 4 8] :i<D^m\Z^^^T}t. ±mLS^ 

[0 04 9] 

mmm 1. mi ii^^moyf^ 1 (Dmmnz^^^s^^ 

* 0 , 0 2 f 1 cD^Mf3 
■y^B<7)«3i*S^1-^0T-£b'5. El 1 Xim 2 

ItJp- I nPS«1?*0, fSKDD- I nPAy^T 
S 2 1 idBBeSn. I n G a A s P ^m^^rau 

Qwm&^m^^mm&& 1 . 5511 mcD^gisM e 

l(Dp- I nP/'^'yy7M2±\ZWM'^tl. n-InP 

7 6 ±iz^m^n^<, /n*> h ^> >y 

:^SAg=l. 4/im(rffiS-r-5fflfig©I nGaAs 

Pd^6.;5:-55^:i— n>i7'H 8 fJX^— y-a 7 ±tci2a$ 
p - I n P :^*-r Hffl 4 a lt^=L—->^m S ±KgH 
i^cDTL h 7-f I n G a A s P 

lHffif*«-i^;«g 5«;tf'1' HS4 a JiKSaS^n-So * 
m2CDp- I nPA'-y7r«4bfi> p-InP:^7 

-fm4a±. mmm^fM^ 5 itrinsTis^fiK 

®5<&«je)iA,tJ'J;p{c:Ea$ll-5o p-InGaAsP 
:n>^^hmi 3«m2<Dp- I nPA*y>'rM4b± 

^8{3«#&ffiiirr-5;tJe)®p#J«ffi (£^T> 5^^-- 

>^*«MifofE-r) 12 a, 12 b;itE«^tl^. ^a. 
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■^nx^^^o ^ra. m^i^iziiu—^'mmmopm 

[0 0 5 0] 'A\Z. :^m!S0tiHZJ:^m:'^'mi^U 

-^m<^mBj:M^z-^^^xwmt^o s-r. p-in 

/ff Pm^l±\Z. MOVPEfe*ffll/iT> ^l©p-In 
PA*yyr®2, I nGaAsP?§tS®6, n-InP 
y-B7. I nGaAsP5^;L-->y^8. p- 
I nP:^f-< HI14 a, ScZ^ I n G a A s P S^t&^^g 

(D^. lHj^*tr-??^fi£a 5 &««6iity J: 5 2 <75 p - I 
nPA-y7r«4b^ig^B!eS-r-5o ^UT, ^2CDp 
- I nPA-y7rS4b±®!C, 0^U;5:t/iS i 02 M 

20 ^7.ny^mz^v)m^vrzmi^ ms 1 02 m^^^ 

-r>'5^{3fig}^U :i(D7sh7^-^^<DS i 02 IK^T 
;:^i^tbT, m^m^XRlE\Z^K). ^2®p-In 
PA'y>'r®4b;5i6^1cr)p- I n P/\*>y :7rS 2 

UT, fifi^^ilf 1 - 2iim<DV'y z^1^(Dm^^m 
J5gt--5, ^LT, ±f5Xh^-r>^®S i02 

I nPajAji3S:as?)i2i^fiE:SU -77,-^ tVXm^^fc 
30 S i 02 ^n- I nPaiiS3±, 

CfVXi'StlTt^ii^p-I nPAy:7r^4b_htC. B 
30p- I nP7-^>y:77S4c2:^^fie:SU. $e.{r;\' 
•y7rS4 c±{Cp- I nGaAs P3>;$'i7 hSl 3 

[0 0 5 1] ^fC, 3>iS'i^hMl3. :5:t^m3G)p- 

I x^p nyy 7MA co:m^jff^n - i nPffiiSS 

>i^*«® 1 2 a;J>iJ^^$n'5^<h^2 (D^:i.-->!f 
40 56, U V >^i7hmi3 (D-M^^-f 

zz.x\ ^i(D^ai~->ifmMi 2eLtm^-^n 
^m^tf^2<D^3.-->ifm&i 2hAm^^n^^ 
i^<Dmmi^f3.^t. <; y im^±<D=i>^^ hm i 

3; mS/^^y yrMAc ©^^^tcx y^y^nzX 0 
P^J^fiScU ^SIrt(lMx.(jF e ^ H- >^L;t I n P^ 
. ^mi)^^^-S^^:^t.\z^^X^m^X^^o 
[0 0 5 2] ^>x;\^W^®ir S i 02 

S^(Di£±©p- I nGaAs Pn>^i7 1 3^®^ 

ga$-B-«>MP. sz>'n- 1 npm® 3&gtbs-a--& 
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MPSr-en^nj^fiEf -g). tVT. p-InGaAsP 
=L——>CfnMl 2 a, RUl 2h^, n-InPSi\ 

m 3 <Dmtim^<D^izmr^^ 5 tc: n^sim® 1 1 e^- 

n^nm^u p- i nps«i©^t'u— »f 

[0 0 5 3] 2*i:^lCDSeiSM{Cj;-SiSS"5^¥^ 

{i, l/-i«!im?!S5 OtcJ;D, n<l!WSll, mSV' 
P#«ffi 1 0 relfw p nii^\znVX\m\^<D 

n^77.^mwt^^t\z^K>. si4®6fci^$n 

\Z\t.. miO'5J^«BEi!S4 1 atCcfcO. nfliMMl 1. 

f-=L-~>crnmi 2 af^\zn&^f)m^z.}i\z^-ox 

(DW^mm (HRn-'r-f y-^m^mmzMmm \z& 
mr^imizit. m2(D«mmsm4 1 bi3j;o> nm 

[0 0 5 4] tZ^X. >ir-tfc^^AR/HR 
iimm\ZVr:i¥m^U—*fXit. ARa-y-^y^r^ 

fi, AR3-7"^->y;it6SSn>S:^ffifI|Bld^^Tjilfft- 

mr^<DX. A R n— r-f >i^#m J^iRS— S 
itJiVid^. HRn— 5"-f >i^dt6£$ti;!yg|®lc:iPi;&ioT 
jt6fT-r-57fe«. ^<D5&c^dJ^®TSM^ns®T?HRn 

[0 05 5] 1 -eti. 5^rL-- >^*^ 8 ]zm^ 

^mavxm:^:2.-->'^^n:^^mz. mwim2 

«@1 2bPBl(3fKE^dHtT, j-=L—-y^m8oy^R 
-n—j-^ 5#jcDffi^(::WE r Sr^iinbTi/i 

Sgl 1, 5^i-:^>i7'«ffil 2 ara{C«)ES:;OHtT, Ji 

DS5^j.-n>if®8®ARn-7^-f >^i 4m<Dmm 



(10) #M¥7-32682 0 

18 

<J:0, ±iaApplied Physics Letters 59(21). 18 Novemb 
er 1991. iJckt/, Allied Physics Letters 60(20). 18 
May 1992tc:JgM^nTt/i§<i:5;a:S^inlC<t§®fcJixa 

[0 0 5 6] C:cDck5(C, ±m^^-—=-yC^m8(DHR 

a— x-f y^'mi 5m(Dmam.WE r t±mARu—f 
-f y^mi 4^©^iqs^E f t(Dim^mmz 
msivxwiKrr^.i:o\z-mii. ^^^m!<Dmm 

Jff mmsM(Dfa E f + E r ^iKi^ < -r ■5 d t-fy^X^. 

x^^o m-z>x. zf^x-^i^mz^^m.<r>msx^\\i^ 

c ti)ix^. ±3S.^:3.—-yi/m 8 tc 2 :3©m^ 

©fDE f +E r <&^iPbfc::i:t;cfc-§>IE<75®ST^^^k 

[0 0 5 7] c:©=fcp{^. if^mix\x. nmm\zn 
tLVxmwt^ t.mx^^m^ii^=L--y'!/m}:: 

Jirr^ Z: t J; 0 ?Sft^^{t^i±-5.^W©T T GMjg 

mpmmz^n'^nAR n-^-^ y^r. s.tmR 
yif^mvrz.mmn-y-^ ycfmtt l> d^::), 

^1. S:I/B2<D^iL-->5'-«^l 2 a. 1 2 h\Z^ 
fiJbT. 1 2 a. 1 2 h{zMl^l^r:i±m^=L—=. 

y^m 8 (D^BW^iz^^mivxm^^^^m-^ ^ 
x^^mmhvr:LCDX\ ±m^=L--y'^m8iz^n^ 

30 ±MARzi-y-^y^i4m. ±iSHRn-3^^->y 
Ml 5<ffil©#^f-^ii[r^s«|^^i)@lirr-5:ii:trj; 

^yirm\zm^^%m-(^W(a^mx^^^ z. ufix 
.intCcfcD. ^(Dmsn^mzi^^m.^^xi'^z. 
iits.<. ^a.--yifm8^(Dm^Mz^^iE<Dmsf 

r^yeo)^^^. 7.^'^ \~)vim,^mx-^^-r\ziKi^is.^ 

[0 0 5 8] ±i^QfeMTtt. j-=L~=-yifmm. 

40 ^^2Oi:^)-iiJb;^t)®('Ol,iT^U;t;0J. n> 

fsm&t.\yx^^\^\ 

[0 0 5 9] Wz.. ±Simmx\t r n PS^^fflt^^fc 

¥^1/-- tf{C3Sfflb;tfe©{-OI,^T^b;t*t. GaA 
s ^^ffl v i;tft&® 1 1 1- VMb-&#i¥^^;0^ 6 

^v-^z^imm^^x^^ztxxmo-^x^ts. 

[006 0] ISiSM 2.03 \-iJ>mn<D^ 2 ©^MlC 
50 ^rzJsb<DmX^vy ^ 05{S2is:^2CO^^?iJ(I<j;-5)lS«"5J 
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0K:j3</^r, 01, m2 iim—nmm-:zimmm^ 
mm iAR=i-y^^ y^rmi 4^m-frzMmm iz&m 

mx^$>^o 5^3.-r:>^fflMl 2t3*^imffitct£lt 

[006 1] *S^M21?«, ±1^^051 ©^14^6 

t?^ii.-->^?*S8^An^^;t«jii:L, 1/-- 

[0 0 6 2] :4=iyfi^2 fCck^jSSB^^^U— 

>^ms, m^MAa., mm=m^s<Dm\z^^ 

— y-s 7 , e , HS4 a. ^m^^rm^ s 
<om\z^^'r?>m^m/3i^f)K ^GmoiMi^Lh^m 
m 1 iz^^f^Mm.^¥mn?^u-imm<Dm^^mk-r^ 

[0 0 6 3] mz. mi^iz-D^^xmm-r^o fi§tsi6(D 

i^mm \z&&ir^mmz\t. mi<7))^?«g(£5 1 a*^ 

\zm^-r^m^(D I nCaAs P;5ie.;^-55^a.— rz>^' 
S8fc:{i, ■5J^SffiM4 ItCctO. nfiiJSSIll. ^=L 
-—y^mmi 2ra{C«E<&;&Ht-5Ci:{Cj;^-C«#;5s 

[0 0 6 4] i^^T, =l—y^-(>^'tm^ARXHR 

t.mmizvrc^¥^u-^mi:it. ARn-^^> 

fmmm.(r>w^ i f + 1 r \zn-r^ARu-y'^ 

oL-^t.i'fa^^uj^sioM^s^-rs-es-So 04 

I f + I r I f a)ii>^^£/jN^ < -r-S ^ J: 0 

[0 0 6 5] t¥:3T, 5^:i-^>^7-jl8(C«#^^i[rr 



(11) #M^7-326 8 20 
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«i!fEI f, I r ©itS^{b$-&T, axmSSitl f/I 

f + 1 r ^/jN^ < tn\t^ ±M'^=L--ycfm 8 icm# 
0. :fyX-^mz\zi^^n.<^mSx^it^fs.<-tz.t.t)^ 

10 [0 0 6 6] Z.(D^o\Z. :^^m!S\'2.\Zi,t\}it. fl;^ 
>i^mi 4^<h, HR:3-X'f >^'M1 5fiy<i:lf«^ 

\zmiL\yxnm^E^jm^^i:. v\zf^i<o 1^—9^^ 
^0 pimmi oai, fB2(Du—*msbmDmmMi ob 

t(c5^JbT^ttfc<DT, ±f2g^:i--n>i^®8t::m^ 
^mxrr^iz1j^^\ ±f5Sffii 6 ©ffiI!«dSfcd&«&S. 
^ 6 OAR n-x-f >i7TK 1 4fiijO^{3^£X-r-5IE 

30 [0 0 6 7] u.^. ±si^mx\^^ 1/— y»^S8K 
^ARu^^^yf/mmiz. HRn— r-f >i^#lto 

J; o \zt^ Z. t: BJtBT:*^, 

[0 0 6 8] ±i^iss«?imi I n Rmmm^^r^ 

#^1/— iffrjgfflL;tfeOir-:3liT^U;t;di, GaA 

tic 

[006 9] m^m 3.06 \t^mmoym 3 ©uss^ijir 

tmso«iig^s-r^0-^?*So 06-^ 

[0 0 7 0] 0(::i3(,iT0l, m2\tm—n^\-m-''x 

fi^aSa5^T*&-So ^75:> 8 at37\*>l«=^>-7:m«A 
g=l. 4 MmtC^BS-r-SiaJSK® I nG aAs P;*^&;5: 
-5>^ 1 (^5^iL— - >yji. 8 b Wty y Zf^k 
g=l. 5 /imtCffi^-r-Siffi^O I nG aAs Pd^'^>;a: 
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[0 0 7 1] ^rz. 07(3), (b) UfBl. ^20)^=L- 

\Z. m 1 <DJ-=L—~y^m S a iS* l . SSumO 

8 b li. gEfi 1 . 5 5m mO^C^ «|?-^JOfC J; 0 
ja#f^<t:An«/h$«.idi. KiKagS;<t:Aa;&t:'c#Vio 
[0 0 7 2] iW^lc::3V^TgiB^-r-5o U—*mS} 
l/-ifffi!»;«S5 Olcj;D. n{|ij«^ll. S. 
t/lx— y-mbffl pfiijmM 1 0 ^LT. SttS 6 

eM4 1 a^fflt/iT, nfiiJSfiKl 1, n>^*mM 

1 2 am\zm&^^^n^^t\z^^-cm^-Aima-^ti. 

5^0.— n>i7'S8 btaa. ^2CD"5J^mBEiK4 1 b2rffi 
(/iT, niliMll, 5^^-:^>^m@l 2brBl{'mEE 

^ t tea; o xm^f)^ma-^n^o 

[0 0 7 3] ^-r. 5^a.-->i'*g8 btcHf^omif-S 
If. 6 lC««E^^feA LT&S 1 . 5 5 /i ml? 

[0 0 7 4] m2(D^:x--yif'mBh\i. 07 (a) <D 

5 5 j[tmCDlx-+F^{iS205^i-:z>i^g8 bi?*-5 

[0 0 7 5] ^L-T, ^l©'5I^«ffiM4 1 a^rfflti 
T. Sl©5^3.— n>i^8 a{C«|?-^3lJraU 

iirr'5«lf3iSt::iSi;-T. ±83^ 2 (D'^zL-'y^m 8 
b ic^ig LTV^;^«#^*M i ±o2S14« 6 

^vTcv—^mzM-r^^^^^o^mims^mtv 

s Letters 59(21), 18 Itovember 1991, ii^XS. Allied 
Physics Letters 60(20), 18 May 1992{::Jil®$tlTli-5 

[0 0 7 6] C:c:U> ±i3^2<D5^n--->i7'a8 b 
07(b) ■T:^-r<te>;5:aff^'ft:4#14€r 
^rr-S®"!?. ^2cD^a— n>y®8 btc:^inLT(/i;t 

nmsM^WL^-t^hlZi^^. WL^l. 5 5 ^im{C*5lt 
•5^ 2 og^3.-::i>i^« 8 b ©ftoetff^^b«fi<^:^ 

[0 0 7 7] t^oT, 07 (b) 1 ' i^-^i^oU 

ms\^mim^^m^^±m^i<Dj-=L-z^yirmB a 

fC«^$R3itrr-5 :i i J; 0 . ±12^1^:1: 1 . 5 5m 

[0 0 7 8] ;iOcfc-5{r, 2^iiss^J 3 ii j;nfi. 
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>i>'S<£. =g->*^^fc!l#i4^^-r^l(D5^ri.-->/7' 
^8ai:> f^2<D^=L—~y^m8\3t.if^ibfS.^h<Dt. 

u ^2^a)S8a, 8b®^n^n('»jt:L. 
\znmm\zmL^^tz^ i o p#jm 1 2 a m 2 o 

pfiij®^ 12b tSr^fcfeOtUfeCDT. _h|5^ 1 <D 

g^i-^>yii8 aic:m#^^Jirr-5^:<k{Ccko*i; 

7/? ±12^ 2 05^0.-- >i7'S 8 b {C^iPl-S«^^*ia 
d ±12^ 1 (D^:x-- >i^Ji 8 a J:-5iE® 

[0 0 7 9] tS.ii. mi. m2(D^:L-=iy^mS a, 

®:iKa^^t:Aa;&i/j\SVigT*D, ±12^ 
2C55^aL-:r>ifJl8bti. imm-vm^-t^^izM 
V> «^WiPtlJ;Ojatff^^[:Anfi/jN$<.idi. S^^R* 

[0 0 8 0] ±ffi^l. S:CJ^^2<D5^ri-n>i'- 

S8a, 8b«. JraseoJc'JtCS^^trS^^tjfc^ft** 

5^i-n>^-S 8 a , 8 b ^I^Pttc^gafifeS-T-S J; 5 

mmf}^. 'f-a.-=.y^''m8 atshtumsipr^hoyh 

fS^ZLtlZ^-oT. ^(D!mif)^SS:iZmfS.^'h(Dtf3.^ 
[0 0 8 1] ±aSIIfS««mi> 2^©5^:i-r^ 

yifm^m-^T. ;zni^mL\z^mT^^z>izvrzh 

(D\ZZ)t,^X^Vrc^K 3a«eU:©^a-->^7**S:tS 

[0 0 8 2] ±iS©fi^ma I n PSlRSfflti;^ 

!ft::3lfflLfcfe0fr^t/iT^L^Ac;Oi, GaA 

[0 0 8 3] ^m4. 09«:i®^B^CD|USM4[C<fc 

0. m\zid^^T. 01. i&-5CHi03<tl^— 
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7. h O- AODIil#f*&?-ST* 0 , ' ^ 1 <D P - I 

nPA'>y:7Tlf2€rJgfKb;t^, mM2±izm^V. C 

[0 0 8 4] ^^^:f3, ftf^UgStC-IDViTIJiig-r^, 2f:|yfi 

« 8 {::«#^^iirr-5 1 mmiz. m^^'f-m 5 a *>m 

8\zn^^muv-ft:zt\z^^mi\m.^cDm:K^^ 
izMm^'F-m 5 a ^ .tf^cfc^sifti^G) 

[0 0 8 5) c:o<J;5lc. 2ti:|^M4{::;fei.iTia:, Sf4 

>y® 8 i^<Dm.is(^<Dm±^^ mf^'f-m 5 a tcmi?- 

[0 0 8 6] ;^j;i5. ±BKIilS^mj I n pm^^M^^rc 
^¥M^U—*nzmmLrzh(D}Z-::)^^X^L-r:i:^i. CaA 

[0 0 8 7] mmM5. mi oii:z(Dmm<D^5(D^ 
M\z^^m:'^^¥m^u-'mm^wm-r^r:Lti)(Dm 

Tfe«9. 0fC*5ViT, 1 0 lf3:D§!^l^^<*»«> 102 

tipM¥^A>y7TM> 1 0 5«lH]^*&Wfi)cJi. 1 
0 6fjffittli. 1 0 8\t^a.-->^m^ 10 9«nM 

*-5, 1 1 0 a\tiy-ifsmmnmmm^ 110 

bt3;5^rz.-->i7*fflnilWffi. 1 1 0 c }i[sliff*&^# 
^i)Pffin{B!«^. 1 2 0«#^ap#J«@1fcb-5o 
[0 0 8 8] :^mS^i5lt. Jif^6£^J4<J:i^1i, ^a. 

-=^>ifmiztrt^mmmi\z^^m[ts^<Dm:k=s:. 

^iJr^T-izm^^mwr^ zh\zj^^mm^(Djm\z 

J; 5 i^D BR (Distributed Bragg Riflector) 
[0 0 8 9] ip-fe, :^m&m5(Dr&M-^^^¥^\^-lf 

m&xit. 0 6. ^iL~->ifmi os. mm 
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n^MMl 1 0 a~ 1 1 0 c Sfglt. fiHtS 1 0 6TM 

l«rr-5dtlCcfc05^aL-:^>i^Ml 0 8<Dfmm^mt 
^-itTsj^u 5^ii-->^*®i 0 8H^-r-5«lWiin 
tCcfc'SiRJKa^^li:^*^ la^lS-?! 0 5 {;:«l?-&^iD 
■r-5 ;i <fc \z^^KmM^(Dim\z^ o « 5 <fc 5 f:: uyt t> 

[0 0 9 0] mm^. Ell ilic:©^HJcD^C«l6{c: 
-So 0{c*5ViT. 1 0 oaiai otcs^L-fctiejfe^titra^i 

■5. 1 7 llip-I nP^T?*0. ^lOp- 

I nPAy >'r® 1 7 2(iS^l 7 l±fCS5«;$n'&, 
5^3.— ::i>^)l 1 7 8tS^l©p- r n P/1-y:7rJil 
7 2±{CgHa$n. n - I n PX^— t^-S 17 7 \t5-:i. 

--ytrm 1 7 8±{ciBB$n, stts 1 7 e tix^- 

20 -y-ai 7 7±t;:BH«$n-5.o p- l nP;^^ hjii 74 

at^efsji 1 7 6±(c:sBM$n. m^w^^ 1 7 5 

{i;^^^ 1 7 4 a±(c:BSmn-5, m2CDp - I nP 
n-j 7 rS 1 7 4 b«;*f'f H® 1 7 4 a _htr[HlgT«^ 
fiS»l 7 5S:a«?)iitf<i;5t3;Saa$n> ^30p-In 
P/'^yyymi 7 4c(3;^2<Dp- I nPn-yyTMl 
7 4 b±, 2fcmH]Sf*&-T^fi^ 1 7 5_hfcSSB$n^o 
p- I nGaAsn>5'^ hSl 8 SfiMSCDp- I n 

pn 7 Til 1 7 4 c±\zw.m-^n^o i^-ifi^Mp 

8 OU=l>^i^ hmi 8 StdSbTSltt^n. 
Ji? 5^rL-n>^'fflp#Mffil 8 2ii&^l 7 l^\zm-f 

[0 0 9 1] ^fc. 6 0\m-^^^X$>D. Z.tHt. 

^msMm§6 Oat. ymmme o b t;^^^;^ 
0 . (SS «J^¥^ 1/— t)-* 10 0 (D—:^(D u—*fmm:d^ 

effll*^;^:^— tf3t<&^7T'f/^7 OS^n-l^T^U 

Sffi^:5pr^^##ft:^-1f 1 0 OtcMTfc^Tr^^o 

[0 0 9 2] mi 2it±m[-^^mis& o(D-^i<DMi^ 

40 -'-f50:>1^\Z H R n -7" -f >^1^ 6 5 ^WCi^tMW^^ 

« (L i Nb03 ) 6 1 omm.mzw^(m^xi: \ 

^e«IS8§(|iJ«<S6 3 1> ±fHHRn— 5^^- >i^6 

So 

[0 0 9 3] ^fc. m\z\t^wmmm^^(mp> 
m<DWimfsmmiy^-fmmxtbr>. 01 41*01 3 

®D-Di^!c:*5^t-S)^0'^*5<. 0(ri5l/iT. 131 
{ip-InPSK, 1 3 2(3;p- I nP/l-yyrJi. 1 
so 3 3{S3ie^ife®T«&-5. dClT?, ^t^gyil 3 3«I n 



25 

GaAsP<fefflt.iT«fieUfc#Mfti^#F (MQW) « 

m^^v. &m^^(Dy(m^ 1 3 3 a©/\'> 
^•y-ftm^eyfj^i. Sum. ^sm^^m&oyym^ 

cfce>(:i^$nTV^-5c, *fc. 1 34fin- I nPA<y 
:77Ji. 1 3 5fi=N^*6igH4l nPmS. 13 6ian- 
I nGaAs:a>:$'^ hS. 13 7t3j^gfe^ 138 a 

\t.mMmmmnmmm^ 1 3 s bi^^d^isfiis^ 

n<S!l«S, 13 9lipfi!lSffi, 1 4 0{4HR3— > 
[0 0 9 4] 01 5fi±iE^Sl^iSg§6 OcDSe 

1 5 Hip- I nPS^ab^o ^1®P- I nPA*-y 
7rSl 5 2JS*mi 5 l±lcSHe$n. n-InP® 
1 6 1 fiB 1 ©P - I n P A«> :7 1 5 2±{c:E«$ 
n-So ^aE«l 5 3«n- I nPiil 6 I±l3a2«$ 

n-So T^^^i 5 3umm.mm(Dym^ 

SI 5 3 a©A>H^-^->>^jSSAgdn. 3 Attn. ^ 
a^l8g&l!SJ®^Si!|^ 15 3 h<D/'^>}^^^ry':^^^^ 

5 4«m2<Dp- I nPAy^TS. 15 5«n-In 
PSiJi®, 1 56fin- I nGaAsa>^^^ 1 

5 7{*^im 15 8 aimmmmm&vmmm. i 
5 8 h]ty&s^m^vmmM. i s 9(ip{Bii«8K. 

1 6 0SHR3— T^-f 

[0 0 9 5] ^mi^m6izj:^f^-^um^m»u-^ 

sp^isgge osm> ±mms^^'m^^u—^fl o o 
d^e,©!^— tf3t<&^7T-rA*7o^uT. 

sifr-5±fa^si^is#§6 ot3A;tfU g^i- 
->^mi7 8 \zm^^mwr^ n t j: d ©iJRa^^ 

cit{;i<kO, ^S^S^e o*^e.±82g?SnI^^tsm 

±l5g^it-->^S 1 7 8 

[0096] ^43, ±SE^«»lTtt I n Pa«Srffll/i;t 

^I^^I/— 1ftCjSfflL-/!:fe0lZOtiT^L;/t;6i, GaA 

[0 0 9 7] mm7. 01 7(±2^^HJ<D^70^^ 

\z^^r!^-&-^'¥mi^i'—*mm=s:B-tm^mx'^ d > 

01 8li01 7©F-Fi^{C45tj-^^0'Tr*So 0(:i 

fct^T, 011. 01 5 il^— ^-^til^-Xfiffl^SP^^- 

[00 9 8] ^mmm 7 \z^^^s^^^mi^u-^ 

tttt. ±?dMmM6\zi5^^X^-S:-^^mi^\y-^l 0 
OlC^^y-fA*? OSr:^UTi^S-li-Tl/i;t01 5fC^ 



(14) #M^7-326 820 
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1f 1 0 0^1^— ft^K-tl^^^^kl^TJ^fiKLfcfccDl?* 

[0 0 9 9] :z(D^ofi^^^^W7 (omSi'^^^mi^u 

—^miz:f5i^xh. m^'^^^m^i^—^i 0 o\zm. 
-rye(D^>t^m^6o\z^^xmn-r^^t\z^D. 
m^s^^¥^mi^^y—*fi 0 o©5^a.-->y® 1 7 8 

[0 10 0] ;5:45> ±BSeiSMTti I n PS«*ffl<'^fc 
iffCjgfflbfefeOtCOViTS^Lfc;^*. GaA 

[0 10 1] 

mmo^mm iiLtco^^\z, do^Hjic^nff. ^1 

zpmi^^^—->'^'mo:>ms^iz. mmzi^\^vxmn 
'inrcmmmii^m<DmMm^mmzms.^-^<m 
m^^mt. ±fs^¥mi^^=L-->im\zm^^mmr 
^^^so^mzmcfz^^i^nrzMimmm<Dm^ 
wmmmmii^ ±?s^¥mms^izmm^mx-r^^i 
mmmom^^y^mMt^ ±eS^¥m^7.^—*)-mizm 
maztm-^tirc. ±ss^immmammmmmm, 

mm(D^mmmii^m^rcm^tvrz<DX\ ^m-^ntz 

yzmst^n^^mmr^^uzii^y}. ^f^M^x(D 

mB^^^—mz^r:)rz.-^-^=}-3.--—>^'m\zm'st^ 

WSx^m\:\z^^W^^^\^^^t.u.<. =f-=L--y^'' 

x^. ±ms^xn^^-^rcyt<D^&'^> 
mm^m:k-^i±^iziz^ts.mx'ss^^ ^t^^x^^^ 

[0 10 2] S7t. :i<D^n\z^n\t. ±iSg^«^¥ 

t<Df^\z. mmmzi^r)^i^i^±^-n±\^^mi^^ 
t'iz.n^wmz^v)^mr^n^^Dfmia)i^'^-^\ztf^ti^ 

7LtzM^t\.rz(Dx. n.<Dm^^muz^^w^^^\:^ 

rc^<Dm&&^ v)vmm^m±-^'^ir\ziK.^ism 
x^v^^ :i ^^ix^^m-§:'ss^^mi^ u-^'mm^m 

50 ^x^wmdi^^^. 



27 

CO 1 0 3] *fc. :i<D^m\z^n\i. Jiga&g-Hjg!^ 
[0 10 4] ^fc, :La)mm\ziJn\t. mi^mi!¥« 

mm(Dm^mmmmt. ±t?^¥mms^\zmwi^m 
Af^. ^mmdfm^zmmz^m^tirdm 1 mmmo) 
mmBxmmmt. ±s^mi^7.^-v-miz'mm)izm 

^ 1 mmmo:>nm&AmnmtMtf3i^m 2 mmmco^ 

^)7^m^mtf3:^j:^\z^mmm?s^mm^^<o&. 
m(DTTGm^-^±\^^miis^<Dm^\z.i^^M<Dmiff 

[0 10 5] Wc. Z.(D%mz^f\\%. _hlBlSS'5J^¥ 

^immmz^^n.mM\z^ d^^^t^i;^ 

mm^(^ii^^^\zf}^ti^^^'f--%t.U.^^o\z. -BE 
[0 10 6] -mt.. :i0^BJ(3d;titi. ±IE?Sg'5T^¥ 

i.^i^m^^<DT'mz^^ntdm.iz ufc<DT, 
[0 10 7] ^©^BjiCckntf. 
it. mc^itn^m^^m^o^mm^^^^sdji^izis&m 



(15) ^M^7 -326820 
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mizn^^mirt^^ m 1 ««{a!iG)mi^ijnffl«88<h> 

Iff mmimmm(Dn^^immnm. RU±m^immm(D 
^tdmL}tviiL(Dt^. ^=L~-yifm<D~<Dmmzn,^ 

mz^-t^mm^"^^ ^a.-=zy'^m<Dm(Dmmizm 

[0 10 8] ^rz. z.<Dmm\z^tnt. ±BSSSnj^¥ 
t<Dr^\z. m^mmzi:io^m^i^x'^\^^mm^ 

7!}i:in^mMiz^^m\rr^n^o:>ma(D:k:^-^\zmt:) 

rdm.t\^^<Dx^ ms(M(Dmt\z^^M(Dm^^it 

[0 10 9] c:©^Bj{-j;nfi, «g!E^t::iO 

.k^mm^mz^D. u—^cDmm&m^-smt-r^ 
^m^^:i.-~>'!fmt. ^mmsom^izmm^^i^r:> 

cfm\zn^^m\rr^^ 1 mmmo^mm-wtimmMt. 

Afflmffit. ±.wmtm-^i^m^^m^m\z. mx 

40 ^=^<Dm^WL^mm-^-^±.wmw-'?-3.-^y^m\z 

5fc«^^wjjirr^^i«sfflij©affit, ±fe^is« 

Ttc^T. mMap>Mc\zk^WDm^^^^\t^i^<-tz. 

[0 110] sfc> co^sji^cfcntf. _hfa^ft'5:r^^ 
tm«{c*j</iT. ±mmm^'mii\ bi^ 
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feOT^D. J:ilEmi««{|iJ®«^B3iOffi«fe5»i> -tea 

[0 111] ^(JMmZ.^fy3il. ±ISjg^:S:^^ 

[0 112] sfe, z.(Dwn\z.iJ!x\t. mafESEAcj; 0 
®t> ±s3^i^mfl!)om#TOPfflm rc^jiIb^i 

So 

[0 113] CKD^HJfCctntf. ±8Ea^SnJ^# 

[0 114] CIO^BJlCctnti. _hSaSS"J^# 



(16) #W¥7-3 26 8 2.0 
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[011 dO^BjcD^loSefSWCck-SrStS^^^ 
[02] mi ®^^J{C cfcS^S^^l^U'— !m 

[03] z.am^<D'm2(Dmm\z.i^^'&.w^^ 

-So 

[04] m2<7)^MC*5(.iT. SfiBlC^f-SU- 
-■ tfKi!«t?SOi^ I f + I r {C*t-rSAR3— T^-f > 

ir#J0)S14®-vO^— tfl^WifE I f ofij^t^yggl^ 

[05] m2©^«sj(CcfcS?^SpJ^^#«(*:l/— tfg 
[06] ClCD^HJG)m30|WJ{Cj:'5ScSn:^if£^ 

-So 

[07] m3©^^{3*5ViT, mi. m2 05^a- 

[08] f$30mmm\zj:^m:-^'¥m^i^—>m 

[09] :io^Hiom4®||ii£M(rJ:SiS[S"5J^^ 
#: U'-imS®«jiS:t)lbfP*UiBJ-r'5feJ6(D0-e* 

■So 

[010] do^isom 5 a)mm^zj:^mgi'^^ 

So 

ii? [011] :i<Dmm<Dm6(Dmmm\z^^^&'^^ 

So 

[012] me (Dmmm\z^^&m'^'mt^u-^ 
^Mo^si^p§i®-^sj$^-r0-e*s„ 
[013] me <Dmm\z^^f&s^^mi^u—*f 

[014] 013 t^ma^iHg&©^gt©:^ifi]ic 

[015] me 0S^j{3cfcsgES^¥^u-if 

^ff mm(mm^ssm(D-^^\zmo:>m^^'rmx$>^. 
[016] 015 (ca^m^^iffli§o^igECD::m6]ic 

[0 1 7 1 ^©^^om 7 oSyS«^l:i J;SS^S«]^¥ 

[018] 017 ODXVIII-XVIII i||tC:feltS^0T7 
cfeSo 

. M^S-ri^0'^a5So 

[0 2 0 1 W^<DmM&?^M(D T T G«8iO?SS "J^ 

sff y-^aQ)iw^s:^^-rs;t«e><^0i7*s. 



(17) 



- 3 2 6 8 2 0 
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[022] ^(DmSWtmO) T T G«BiO 

1 p-InPS^. 2 mi<^p- I nPA'u/^r 
3 n-InPSi2^. 4 a p-InP**-fH 
jg. 4b m2<Dp- I nP/Vyy tM^ 4 c ^3CD 
p- I nPA*>7>'T®. 5. 5 a ^m^TB^ZM^ 6 
SttS, 7 n-InPX^— y-®, 8 ^:i-=.> 
ifm^ 8a mi(D^JL-->i'm 8b^2<7)5^:z- 

->ifm. 9 ^gd^ 1 0 u-immmpm^^ 

10 a ^i<Du—*jr^mp^mm^ 10b m2® 
u—*fjmimv&mM^ 1 1 nffl!imis> i 2 5^3.— 

:::i>yffipiWfii> 12a ^1 ®5^:3--->:^ffiP^B!l 
fiffi, 12b m2©5^:x— n>i^ffipfi!imffi. 13 

p- I nGaAsn>i$'5^ hS, 13a B2«#^ 
iji^=l>37i7 hM. 14 AR3— T^-f >;J^S, 15 

HRn— x-f >i^)i> 4 0 ■5j^«ai> 40a Hi 
©■5^«®. 4 0bH2«)'5rr^«ai> 4 1. 4 1a, 4 
lb. 51, 51a, 51b mK. 5 OMSMM^ 5 
Oa ^l©^I!j«jlg. 5 0b fB2(D^jm. 6 0 

^^Tt^il^ 6 0a mm^^^ 6 0b 
^Ifi9§^ 6 1 mmfmiR^ e 2 T i i!2:i^S2^> 6 

3 ytm^&smi>mM^ 6 4 ^^s^i9t^ij«s. 

6 5 HRn-5"f>^'m. 7 0 7t>'7'-r/N% 100 
TTG«3tiSSB]^^i^^l^-1f. 1 0 1 i>m^ 
10 2 pSf^^ny^rS^ 1 0 5IHI^*& 
^,106 gttS, 1 0 8 ^a.-—>ifm^ 109 
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n^i{^^A>y7TS. 110a U-^mmmnM 
110b ->^^ffln{l!W& 110c 

ifiiifr*&^^mi?^Jafflnfi!i«ii. 113 nm^mt^ny 
hm. 12 0 ^apffiiMffi. 1 3 1 ps?i|£^ 

132 pM¥^A*>y^7S« 133 
m. 13 3a ^t^jgES (fcf^^iJ) .133b 

(s^s^^mm .134 nM^i^^A*>y7 

r^. 13 5 m&mmm. 1 3 e nU^j^^rr 

>iS'i7 hm. 13 7 13 8a T^t&ffi^lS^ 

J0 mn&mm^ 13 8b 7t^^i®tff{Bynfi!j«S. 13 
9 pfi'MM. 1 4 OHRn— >^'m. 15 1 p 
15 2 Hi 0) pS!¥^/N*'y 7 tM> 
1 5 3 15 3a (fiMUfi 

M) > 1 5 3 b3t^zS« (S^J^^m) . 1 5 4 H 

156 Dm¥^mt^=iy^i7hm. 157 *e«. 1 
5 8a yeimmm^*\p{mm^ 1 5 s b 

Ha^iJpfiflmM. 15 9 niftW®. 16 0 HRn- 

^■i >im. 1 6 1 nm^m^m. ni p- 1 n 

^ff PS«, 172 H105P- I nPA«y >'r^. 173 
n-InPS3iS. 174 a p - I n P:tf'1' 
174b H2<Dp- I nP/N'-y ^rS. 174c H 
SODp- I nPA.y:77M. 175 lal^^S^J^. 
176 177 n- I nPX^-- tf®. 17 

8 ^3--->ifm^ 1 7 9 mmm. i s o tf 

ffilbffipfiiJW. 18 1 n^ffit^. 18 2 5^11— n 
>5^fflpfiiMffi. 183 p- I nGa AsrJ>5'i'h 

So 



[03] 



[04] 



51 a 



51b 



50a ) 



10a 



^40 



10b 



15 



^13 



4c rtr^ 



} 

50b 



^41 



12 



10a 
10b 
12 
50a 
50b 
51a.51b 



S51 ou— »f5fiiifflpfll«« 
S 2 (D u- if eKiffipOlie* 




(18) 



#W¥7-3 2 6 8 2 0 



[mil 



m2] 



4-1 b 



40a 

I 



41a 



12a 



12b 5 



D O □ □ 



13 



o aa_0 QoeigppQcacicicacici; 



50 



--WSr- 

51 



40b 



1 

2 
4d 
4b 
4c 
5 
6 
7 
B 
10 
12a 
12b 
13 
14 
15 
40a 
40b 
41a,41b,51 
SO 



10 



15 



Ig 2 t7>p-lnP/< -7 "7 7 iB 
|fi2C0^^-->^ffip««« 




3 : n-tnP^j&i&«VB 

o: l^fi 
11 mmw 




40a 

I 



[06] 



41a 



6a 



60 



12a 



12b c 



i 



41b 



13 



>4a 



51 



l5Ba 



156- 



161 



40b 



10 



Sa: SB1 <T>^=L'-=L>^m 



mi 6] 



^153a 



153b ^I58b 



-160 
-154 
-152 
-151 



"60a 



"60b 



^60 




50 



40 



[09] 



51 



-wv- 



A 



136 



139 



10 



X 



^13 

^4 
.6 
^7 
8 
5a 
2 
1 



5a : miR^^MfSim 



mi 4] 



\ 



140 
-134 
-132 
.131 



60a 'J^fio ^60b" 



113- 
106- 



mi 0] 
11Qb 



110a 



110c 



^113 

--109 

-^105 
^-102 

— 101 



108 



120 



101 : pSy^iift^iMS 
102:pS!¥»»/^'v7 7» 
105 : B^*&^ 
106 : 

108 : ^j^-i:></» 
109: nS^2i(*/^'y Tt'W 
113: nS^a«:3>:5'^ KiB 

110c : [3^«'?'«f$^B1ttl^nin9ffi 
120:^iftpii«e 



110a 
110t> 



133a : 

133b : 5^tli$fi(^3^sS%{BI) 



(20) 



#M^7-3 268 2 0 



[01 1] 




60a : ittm&m 
60b : ^jK^ate 



[01 2] 




61 : S5«<4^«^«(LiNb03) 

62 : TiSr!l&^)&^ 

63 : it^mt^^w^^ 

64 : ^^fS^^^9Mm 



[013] [015] 




(21) 




(22) 



i|*MV7-3 26 8 2 0 



[02 0] [[§32 1] 




